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LOCATION AND TOPOGRAPHY
OF
DOVER AIR FORCE BASE, DELAWARE

1, Coordinates and Elevation

Latitude 39° 08" North, Longitude 75° 28" West. Elevation - 28 feet
above sea level,

2, Geopraphic Location of the Station

Dover Air Force Base is located near the center of the State of Delaware,
about threc miles west of the Delaware Bay, thirty-five miles east of the
Chesapeake Bay, and near the northwest end of the Delmarva (Eastern Shore)
Peninsula. It is open to the Atlantic Ocean, about 2% miles southeast,
down the Delavare Bay.

A "fall~line" runs from near Richmond, Virginia, to near Washington,
Baltimore, Fhiladelphia and on to New York City, east of which elevations
do not exceed 400 feet above mean-sea-level, Dover is situated some 40
piles east of the fall-line on the flat, frequently marshy, coastal plain.
*he entire Delmarva Peninsula is under intensive cultivation, the farms
being interspersed vith salt marshes and snall patclies of woods, mostly
serub pine. The communities are small and apricultural, rather than indus-
trial, .

Iocally, s2lt weter marshes exist between the Delaware Bay and the Base
from a point north of the Base throush east to the immediate south; a
narrow river flows south-goutheastward from the city of Dover, four miles
northwest, into the marsh to the south passing the Base about a mile to the
west.e This is a tidal river and it is bounded by salt water marshes. Dry
grounds exist to the north-northwest only. See Figures 1-1 and 1-2,

The local terrain is so flat that there is no up nor down-slope
motion, However, on a micro~gcale, the Base 1s situated on the southern
end of a very slight ridge (i.0., the Base elevation is 28 feet and is
surrounded, except to the north-northwest, by tidal water salt marshes)
from which thore is some c¢old air drainapge at night under no-gradient
conditions. This cold air drainage is sufficient, frequently, to keep the
Base freec of ground fog while the surrounding marshes are covered with
thick radiation fog. This is especailly true over the marsh to the south,
over which aireraft must pass at a hundred feect or so on final GCA
approach to runway Ol.
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3. Air Polution Sources

Basically, the Delmarva Peninsula is populated with truck amd dairy
farms and small communities which exist on an agricultural rather than
an industrial economy. The nearest industrial smoke pollution areas
are forty miles to the north near Wilmington, and sixty miles to the west,
in the Baltimore area. Thesc have no appreciable effect on local
visibility.

Locally, Dover, four miles to the northwest and Milford, fifteen miles
to the south, do not have industrial plants sufficient to create a smoke
problem. However, about 1/2 mile southest of the main entrance, there is a
small dump which is newly openod; this dump, up to now (larch 1962) has not
proven to be a problem from tne visibility or pollution standpoint.

Le TFhysienl Location of Weather Stction

The physicsl location of the Veather Station is actvally in two
separate sections.

a. The stotion proper is locoted in the MATS Terminal Building (T=501).
Tris is the administrative and forccasting section, along with the observers
who directly support the forecasters. The instruments and equipment utilized
are the teletypes, facsimile machines, the AN/AFQ=13A radar set and the

ML-2 Barometer.

b. The second locrtion, the representative observing site, 1s located
between runweys 010 and 310 in Building T-1307. ‘the actual room is a glass
enclosed tover, which houses thc recording units of the AN/CEQ-2A ceilometer
(an AN=CIN-10 tronsmissomcter, and the AN/GlQ-1) Wind Recorder. The ML-3
Barograph, ML-102D anaroid barometer, the S5.CL teletype and the Electro-
writer, are also in the tower. The obscrving units for the ceilometer,
transmissometer and wind paupge along with the instrument shelter, which
houses a 0~24 psycrometer, and the ML-17 rain guage, are in representative
locstions outside of the building. 7The representativeness of our observa-
tions is very good; however, the visibility is hampered to the southeast
because of a hanear and because of hangar and apron lights at night.

ce OSurface observations are representative of the immediate runway complex,
however, they may not be representztive of conditions in or about the rurway
approachs. This is especielly true of ajproaches on runway 19 and 31 which
are partially over water area of thc Delawarc Bay. Whenever low and ragged
ceilings exist, ceilings are generally lower on the approaches to 19 and 31,
than arc mecasured ncar the center of the field. All other parameters are
representative,
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. WEATHER OOMTROLS
1. JNTRODUCTION The Gulf Stream with its attendant warm water turns to the
northeast off the Delmarva Peninsula. Betwsen the Oulf Streams and the coast
thsre is oonsidersble upwelling of oold water. 'l‘ho position of the Gulf Strean
snd the amount of upwelling vary with the direction and intensity of the surface
air flow over the local coastal ares. With an established westerly or offshore
flow, the Gulf Stream moves someswhat to the east of its normal position and
becomss alightly cooler and there is more upwelling along the coastal area;
with a several hundred mile onshore air fetch the Gulf Stream is much closer

to the coast and considerable of the upwelling disappears. In additiomn, the
water of Delaware Bay is colder than the coastal water seven to eight months
of the year. The Bay will freese over about once in twenty years.

From the above, it can be inferred that sasterly ‘to southeasterly overwater
trajectories originating over or to the east of the Gulf Stream flow over in-
oreasingly ,cblder water to the coast and for the greater part of the year on up
the Bay to the Base; and as a result there will be cooling and condon_oation of
the moisture laden air as it moves to the ocoast and the Base. This is true
between October and May and with a weak southeasterly gradient, fog wml ogour,
on the coast and inland to well beyond Dover., With a stronger flow = in excess
of about eight knots, soms turbulent nﬂ.xing occwrs and a stratus ceiling of a
hundred feet or so will exist, slightly higher during diurnal heating and
oomionly going to dense fog at night during nocturnal cooling.

During the summer months, fog is essentially non-existent up the Bay from
the coast as a result of this cause; however, stratus ceilings of ssveral
hundred feet are common at night burning off two to thres hours atter sunrise.
(This is dependent upon the sky cadition above the ltrltﬂl,“'iﬂl an upper
or middle overcsst, the stratus can hold in all day.) The typical year round
symoptic situation for this fog-stratus condition is for the sast-west axis

? ”1
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hundred mile or more over-water trajectory from the sast or southeast. BSee
Figures #2-1 and 2-2 for sea-surface water temperatures off the coast. Refer-
ing to thess figures, it is cbvious that an air trajectory from the north-
northeast to northeast is parallel to the isotherms and no cooﬁng will ocour
while & trajectory from the southeast gives meximum cooling with a ﬁeultmt
"no fog" or "fog" forecast.

Due largely to the influences of the Gulf Stream and the Delaware Bay,
mild winters and relatively cool summers are usually observed at Dover Air
Forc‘o Base.

2, SUMMARY OF SBASCNAL WEATHER CONDITIONS

WINTER: Cold fronts pass the station on the averages of once every five
days. During perliods of strong sonal flow, fronts wﬂl move through the Dover
terminal oﬁ the average of once each three days., Cold front weather will sel
seldom produce ceilings below 2000 feet and visibilities less than 3 miles in
showers, 'l‘he warm front, on the other hand, generally produces low o;ilings,
poor visibilities and steady rain or snow. Thes warm front is difficult to
forecast due to the fact that the Appalachian barrier is conductive to the
stagnation of a cold pool or air over the coastal plains. Because of this,
the warm front remains quasi-stationary along the Appalachians and low ceilings
and poor visibilities may prevail for an extended period. As a ruls, the
arrival of a Pacific occlusion will result in clearing conditions. This
situation is not limited to the winter season, but is also applicable to Spring
and Summer. A case study of this type of situation is discussed in Section IV
under Special Synoptic Studies.

The Hatteras Low affects Dover Air Force Base much the sams as a warm

front, resulting in low ceilings, poor visibilities, steady

2-2
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type precipitation and gusty surface winds. Gusts up to 50 knots
are not uncommon with a strong low pressure area. Low pressure
areas which move northward across the coastal plains generally pro-
duce the strongest surface winds at Dover with wind directions east
to east-northeast., Gusts over 35 knots are likely with tﬁis type.

If the low is off the coast, generally northeasterly surface winds
of less than 35 knots are the rules ¥With this type, however, the
possibility of snow rather than rain is greater. Clearing conditions
occur as the low moves north of Dover, however, gusty surface winds
up to 35 lnots may continue for another 24 hours.

SPRING: During this season, the surface pressure gradients are
weak and fronts diffuse and often difficult to locate with any degree
of ce;'tainity. Thunderstorm activity increases considerably during
the latter part of spring. A slight incrcase in frequency of early
morning fog also occurs during this season. The major forecasting
problem lies in predicting the location of the surface front reiative
to Dover and the attending low level flow pattem. Low ceilings and
poor visibilities are the rule with easterly flow. Good visibilities
prevail with southwesterly through northerly flow except when wind
velocities are under 10 knots following a weak cold front passage.

SUMMER: Thunderstorm activity rcaches its peak during this
season. A high frequency of evening thunderstorms occur with maxi-
mum frequency in mid-July near 1900L. Frontal activity occurs on the
average of once every seven days. Cold fronts are usually of the
Facific type resulting in thunderstorm activity and pre-frontal
squall lines. Occasionally, a cold front will pass Dover from the
north ("Back Door Cold Front") resulting in below average tcmperatures

2-5
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for this time of year. (It is this type of front that most often
breaks a persistent heat wave over the nortyeastern seaboard. )

FALL: During this season, cold fronts pass the station on the
average of once every seven days. As in the other seasons, these
cold fronts do not produce prolonged or significant weatherAconditions.
Precipitation is in the form cffain showers with conditions seldom
less than 2000 feet and 3 mil;s. Thunderstorm activity decreases
rapidly reaching minimum frequency by the end of the scason.

Late sumer and early fall is the hurricane scason. On the
average, one hurricane p.r scason will pass close enough to the Dover
Terminal. to produce gusty surface winds up to 35 knots, Statistically,
winds of hurricane force or higher can be expected once each eighteen

years.

3. MAJOR SYNOPTIC FEATURES

The following pages contain illustrations and discussions of the
major synoptic features which control the local terminal weather. No
attempt has been made to type these situaticns other than to indicate

the season in which the feature occurs.

2-6
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Figure 2-3

FALL THROUGH LATE SPRING: This pattern represents a typical warm

iront eituation which occurs during the period fall through late
spring. The warm front often takes on an odd configuration, but
generally a shallow dome of cold air persists over the Virginia -
Carolina area causing the warm front to be quasi-stationary along
the eastern slopes of the Appalachians. Minor waves often form
in the vicinity of Cape Hatteras. This situation produces wide-
spread fog, drizzle and stratus over Carolina, Virginia and east
of the Appalachian range as far north as New York State. Freezing
drizzle or rain will occur if surface temperatures are near or
below freezing. Ceilings along the coast (a.nd‘ at Dover) will vary
from 40O to 800 feet with vieibilities 1 - 3 miles in fog amd
dri‘zzle. Ceilings further inland will be lower. The forecaster
nmst examine this situwation very carefully, less he forecasts the
warm front to pass the Dover area. Generally, conditions do not
improve wntil the major front from the west occludes and passes

the Dover terminal,
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Figure 24

LATE WINTER - SPRINGt A persistant high located over Hudson Bay
with a secondary high located over the Great Lakes and surface

lows foming over Texas move erratically across the northern half
of the Oulf Coast states passing off the coast near Hatt;craq
without intensification., With west to northwest flow at the

500 nb level, clouds and precipitation will be confined to the
immediate vicinity of the surface low. Ae a rule, precipita-
tion will not reach Dover. The only cloud cover over Dover will
be broken to overcast middle and high clouds, and in some cases
only high clouds depending on position of the 500 mb jet. The
heavy middle and high clouds are found to the. pouth of the 500 mb
jet and north of the surface low. If a confluént gone exists to
the north of the surface low, clouds and precipitation will extend
ahead of the surface low to the approximate center of the confluent
gone at the 500 mb level, ' '
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Mgure 2.5

Wt A meridonal jet stream with major trough
in the Great Lakes' region and a quasi-stationary low centered in
the Gulf of Alaska from which lows are fed. 'n;o"u lows track
northeast across labrador to a deep upper low centered nﬁr the
tip of Greenland. Frontal passages over the Delaware region are
weak or_thu fronts remain to the north blocked by the sP high.
There is no weather of consequence in the Dover ares. lhe east
coast "Indian Summer® is related to this pattern. CGenerally,

fair weather prevails at Dover with gusty southwest surface winds
in advance of the weak frontal systems, |
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Figure 2-6

PALL AND SPRINGS
The major trough is in the mid-west with the 500 mb Jot generally

south of Delawvare. The trough is usually shallow and therefore
wave formation in the southern plains or Gulf area is rare, |
Frontal systems move at moderate speeds and pass Dover at inter-
vals of 3~5 days. Weather lies in a narrow band along the .front
with ceilings of 2000-4000 feet in rain showers occurring with
frontal passage at Dover. In-flight visibility will generally be
on the order of 1-3 miles in showers. In advance of the front,
ceilings of 800-1000 feet and visibilities of 3=5 miles in hase -
may occur during the early morning hours depo;ﬂing on available
moisture and surface wind direction. Generally, southeasterly
flow is favorable for early morning.stratus.
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Figure 2~7

WINTER: The mean 500 mb trough lies over the Mississippi or
Ohio Valley region with southwesterly flow over the eastern
seaboard., A high pressure center is quasi-stationary over
the Maritime Provinces or the Newfoundland region. Surface
waveél develop in the Gulf or along the Georgia-Carolina coast
and move northeastward and deepen. Dover receives most of
the winter's snowfall from this type low. Gusty northeasterly
winds also occur with this situation and therefore, the fore-
caster must give serious consideration to the affects of snow
and blowing snow on surface visibility. As anfaco waves pass.
Dover, clearing generally occurs, but gusty ;dfface winds may
prevail for as long as 36 hours depending on the speed and

direction of movement of the storm center.
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Pigure 2-8
MINTER:

The major trough is over or just east of Dover. lows form porth-
west of Hudson Bay and generelly move around the periphery &f the
upper closed low. A trailing cold front followed by ef or A air,
sweeps southward to the GQulf Coast with the high centers passing

to the south of Dover. Waves without major development form on -
the trailing cold front, and ocan result in a weak omvfgll in the
Delaware area. Usually a Sc overcast of 1000-1500 feet and light
snow flurries are the only related phenomema at Dover. 8Snow showers
from off the Great Lakes may cross the Appalacilum during this
regime in the cold outbreaks, however, there instability type

ano'w flurries seldom reach to Dover,
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Figwe 29

A split jet results in northern lows, trailing cold fronts

which resain in Canads, and eouthern lows which move uiM
across the Qulf Coast states. If the high axis is north of
Dover, low clouds, fog, drissle exist; if the axis is to the
south, the weather is characterised by the warm clear days of mb-
stro
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Figure 2-10

Weak meridonal flow of the jet stream and a relatively intense
Bermuda high will commonly produce frontal thunderstorms along
a cold front from a surface low navi.ng Just north of the jet.
Severity of thunderstomm activity in Dover area will depend on
strength of 500 mb jet. Generally speaking, uﬁro thunder~
storms oocur at Dover when 500 sb flow pattern is WSW to NW and
wind velocity is approximately 50 knots or more. A 500 sb
maximum isotack of this speed, moving towards Dover, results
in an ideal situstion for severe thunderstorms; Past experience
has indicated that thunderstorms which form over the Delaware
Peninsula are more likely to px'c;dmo severe weacther as compared
to those which form west of the Chesapeake Bay. It is believed
that the thunderstorm weaken in passing across the Bay.
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FPigure 2-11

The "backdoor® frontal passage. With a strong Bermuda High
extending westward to the Mississippi Valley, persistent high
pressure over !!orthom Quebec and the Icelandic Low displaced

well to the south. Lows will form north of Quebec and move SE into
the MidsAtlantic Low with a trailing cold front passing over

Dover to become stationary in Virginia or the Carolinas. While

the front is south of Dover, we have low stratus and fog (it

will go below 200! and 1/2 mile dﬁring April or May, or while

the front is passing Dover from south to north.) With tb§

front north of Dover, MT air prevails in the area amd late

afternoon and evening thundershowers are likely to occurs
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Figure 2-12

Waves from a low in the vicinity of British Columbia are fed
across the Great Plains then northeastward to Labroador with
the trailing cold front moving as far south as Cuba. Eﬂnmb
oold CP and A air follow the cold fronts accompanied by the
winter's coldest weather along the esast coast. In the regime,
the major trough is near Dover and advancee or iotroguuu

fome 15 degrees to parallel the cold fronts as they sweep off
the east coast. During this time, the Bermuda High is displaced
eastward. The warm frontal weather is the major feature of this
type of system. Ceilings vdll vaz?y from 500-1000 feet with 1-3
miles in rain and fog. Light showers will generally aceompaw
the cold front, although often times no weather is associated
with cold front. This is especially true if it is the second
or third cold frontal passage of a series. Clear skies and
gusty surface winds of 25-35 knots are the rule following

cold frontal passage.
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Figure 2-13
WINTERS

This situation is somewhat similar to Fig.2-13 am;pt major trough over
Mississippi Valley is deeper. This is usually the aituaﬁion accompanying
the first major cold outbresk into central U.S. The major low préuuro
centers track across the Great Lakes. The initial cold front passage at
Dover results in rain showers with ceilings 1000-2000 feet and visibilities
1-3 miles. The weather is brief and confined to the immediate frontal sone.

This type situation is ideal for formation of Gulf lows on the trailing cold
front; These waves deepen rapidly as they move northward along the eastern
seaboard producing widespread low ceiling, poor vieibi;ities, and strong
surface winds. Conditions at Dover remain above GCA minimums s but gusty
surface winds of the order of 30-40 knots are not uncommon. This is not

an ideal situation for snowfall at Dover depending on t emperatures and
depth of cold air over Dover. As a rule, if surface winds are from the

ENE through south, rain will occur. If surface winds are north to north-
easterly, snow is likely. The rain ve snow forecast study in Section IV
will assist the forecaster in determining if precipitation will be rain or

SNOW,

In some cases, the Gulf wave may develop into the main storm center thus
setting the stage for the initial invasion of Artic air ihto the Eastern
U.8. This development generally cuiminates in a low index situation over
U.S. and fair, but windy and very cold temperatures are likely to persist

for several days.
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SECTION III

CLIMATIC AIDS

The following Diagrams and Graphs were made from data gathered
over a ten-year period and include information for the following:
(both monthly and annually)
1. Temperaturea
2, Precipitation
3. Sky Cover
- he Cellings
5« Thurderstorns
6s Visibilities
7. Fog
8, Surface Winds
9+ Hurricanes

10, Summary
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DOVER AFB CLIMATIC DATA
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DOVER AFB CLIMATIC DATA FOR _SEPTEMBER

AVERAGE NUMBER OF DAYS WITH

( DAILY TEMPERAT URES SPEGIFIED PRECIPITAT ION* AMOUNTS
T T 177" lo
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SPECIFIED ELEMENT MAY BE
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TIMES ARE LOCAL STANDARD.
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DOVER AFB CLIMATIC DATA FOR _SEPTEMBER
_CEILINGS |

| _BELOW 500 FT BELOW 1,000 FT ' BELOW 10,000 F{
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DOVER AFB GLIMATIC DATA FOR ocToBER

AVERAGE NUMBER OF DAYS WITH

( DAILY TEMPERATURES SPECIFIED PRECIPITATION® AMOUNTS
- Io ,
IMA'XIIML:M KEY. 'y
_ < P mo mum"o s
?
.
) ! -]
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_BELOW_500 FT

DOVER AFB CLIMATIC DATA
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DOVER AFB CLIMATIC DATA FOR NOVEMBER
AVERAGE NUMBER OF DAYS WITH
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DOVER AFB CLIMATIC DATA FOR NoYEMOER
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DOVER AFB CLIMATIC DATA FOR LRECEMBER .
AVERAGE NUMBER OF DAYS WITH.
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DOVER AFB CLIMATIC DATA
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* 36.8 36.7 hh.3 53.7 Ghls 72.9 - T7.2 TS.h 69.3 59.6 ULT.8 37.9 56.2
' shecdwte Naxtwm: # % 82 N 99 100 102 110 107 102 97 88 76
Asdute Mintwmm: # <A <15 b 1 26 3k I3 n 3 a 8 -12
Mean Precipitations # 3.97 2.9 LJB 3.56 L.39 3.6 LS50 5.75 3.70 3.15 3.l9 3.10 L6.38
Average ammal snowfall: Nogdwgggoohnogvoﬁgﬁgoggagonggaﬁgv
Averuge 1mmiber of days with timnderstormss A
Aversge mmber of dxys with dsnee fog: 15

?
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goﬁ%hﬁoa%g-%u Once each eighteen years,
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CRILYNG AND/OR VISIBILITY AT DOVER A.F.B.

NI JAN FEB MAR APR MY JUN JUL AUG SEP OCT MOV DEC  ANNUAL

I any 73 5.3 6,6 L9 L3 2.6 2.7 2.k 3.6 Lbu 6.6 5.3 - 5.0

PPI 500/2 uite 12.7 10.2 10.k 8,0 6.7 LB 5.0 6.6 7.7 8.6 11.5 10.9 8.9

Hﬂumoam 21,5 17.0 18.1 16.5 15.2 12.7 1k 17.4 19.7 18.0 2.7 20.8  18.0

1L . 0. 3L.8 3.9 28.0 8.6 27.h 32.0 k1.6 39.8 36,6 39.0 39.9 35.2

The above data are based on 86,607 observations taken at Dover, Dec 19l2-Sep 19463 Jul 19.S-Sep 19493 Sep 1950-
BSased on U, S. W.B, records for about 60 years fr Dover, Delawars, L miles northwest,

{
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SECTION IV
A, INTRODUGCTIONS

LOGAL PORECAST STUDIRS

1, The operational weather requirements of the base are:

a. To predict, two hours in advance, ceiling and visibility of
less than 200 feet and/or 1 mile visibility.

bs To predict, at least 2 hours in advance, occurrence of thunder-
stora activity and severe weather associated with thunderstom, to in-
clude hail and surface winds in excess of 35 knots. -

¢e To predict, six hours in advance, mowfalls of 1 inch or more
within the next 24-hour period. ‘

d. To predict, at least 2 hours in advance, gusty surface winds
in excese of 35 knots and direction of surface winds to within 10 degrees.

e. To predict, at least 2 hours in advance, the occurrence of freszing
precipitation, heavy frost and/or freegzing temperatures, following a
wet snowfall.

2. Of the above, items a, b, ¢ are the most important and perhaps the
most difficult to forecast.

3. To assist the forecaster in meeting the above operational require-
ments, we have developed the following reference aids:

as Objective methods.
b. 8pecial synoptic studies.
ce Empiricsl rules.
4. It should be noted that the objective techniques were recently

developeds It will require several years of verification before their
true value can be determined.

L1



-~

B.

CLIMATIC SUMMARY OF SHLVLRE WEATHuR ADVISORIsS AT DOVER AIR FORCE BASE
AS PREPARED BY THE USAF CLIMATIC CLNTER:

CLIMATIC CENTER, USAF
AIR WEATHER SERVICE (JATS)
Annex 2, 225 D S8treet, 8.8..

Washington 25, D. C., -

CCCAD 4025 12 vl &1
Savaere Weather Advisories at Dover AFB

oS8

1. Raference letter 9WiSS, 18 May 61, Request for Surface Data.

2. We have examined the WBANs from Dover AFB, Andrevs AFD, and
Qlmsted AFB. These forms include nll the dates between Maxch 1955

and September 1960 when Severe Weather Advisories were issued.
Tabulaticns have been made of maxipum winds, peak gusts, and thunder=
stom occurrences at ecach base., These tabulations were then compared °
to detemine whethexr Dover AFB received fewer "hits” than the other
bases. .

3. Resulis of the comparisons are as follows:

a. Maxhmm gusts reported (% of time) when valid advisories
exist ~

Dover A¥B = 4T% of time had the maximum gusts
Andrews AFB - 35% of time hod the maximm gusts
Olmsted A'B ~ 18% of time hod the maximum gusts

b Maximm stecady wind reported as in a above.

Dover AFB =~ 41% of time had the maximm steady wind
Andrews AFB = 38% of time had the moximm steady wind
Olmsted AFB ~ 21% of time had the maximm steady wind

c. Thunderstorms reported

Dover AIB  ~ 33% of time SWW was in effect '
Andrews ATFB - 33% of time SWW was in effect
Olmsted AFB - 22% of time SWW was in effect

4. A further analysis of the frogquency of winds (daily peak gusts) -
over 35 knots was made, During the period stated there were 58 days
vhen Severe Weather Advisorics were issued; of these, there were T days
4 vhich Dover expericnced gusts higher than mots = & frequency
ofpd0). However, cnly cne of the gusts was under U0 imots, and the
highest was 45 knots. ‘

2



'5, Gonolusicns from the anlysos indicate that the Jack of "hits" 4n

early 1961 was not in line vith past history. While the effect of
Chepapeaks Day on the Dover weather moy have some bearing, thore is
little to go on whon considering tho previous yoars. An examimation
of the standayd smumarics for Dover and Andrevws has revealed that only
during May and Beptenber docs Andrews have more thunderstorms than does
Dover., One factor, however, may indicate a posaible Chesapenks Bay
influence; that is, Dovor hod more nocturnal-type thundorstoxms than 444
Andreva., These data from the standard swumaries are for the most pard
from an identical nunbor of obserwmtions. ‘ ‘

6. Your statemont that the standard summries indicate critical wind

spacds over 35 knots occur raroly is quite right, However, these
tabulations are based on stoady-state (l-minute averaged) winds and do

not inclwde guots, Using o gust factor of about l.3-1.5 will give a steddy=
state wind of 25 lmots, & probadble gust of 35 knots, Therefore, to '
determine the froquancy of wind speeds in the > 35-knot category, you
should use the 25 knot category in the standaxd sumexies. We feel this

is Justified because the peak gust will verify a winde-wvarning forecast.

T. From all these onalyses and statemonts camcs the final ¢

advice: the most likoly climatologlcal wind forecast, whon Dover is in s
Bovere Veathor Aren, is steady-state wind of 25 kmots with guats to 35 knots,
vith a 10% risck of guots to U5 kmots. Gusts above 45 knots should be
considored only whon the base commandor wants & "no risk" forecast. This
"no rick" wind spaed is essentially the peak gust stated in the Sovere

Weather Advisory..

R. H. FERRELL
Doputy Director
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OBJECTIVE METHODS !

as THUNDERSTORM FORECAST
#OBJECTIVE THUNDERSTORM FORECAST FOR DOVER AFB, DEL. '
Author: 1/Lt George L. Schofield, Jre
Date Completed: 5 September 1961

#Based on "Objective Thunderstorm Forecast for Eastern
Virginia", as published in the 1961 February issue of the
AWS Bulletin.

hielt



Projectt Objeotiw Forvcast Studys To evaluate an objoctive thunderstomm
prodiotion teolnique basud on a study piuvpared for Eastern Virginta
and desoribed in the Fbruary 1961 deswe of the ANS Balletin.

Progress feportt Period 8 June to 5 Octobar 1961
1. The 1200Z Viashington soundin; (NCA) was used to determine two
arametors which were extragtod from a nomogram 4in a yes or no form,
,()Attlol‘lwnt 1% 2) "

2, The folloing is & summary of the vorification of tils methods

o : 1
‘Cages | Forecast Ohgerved Rcmarks ;
: . Yes! .o | Yes. o :
, ‘ i Thundorstorms within 20 W of |
1?7 X . Station incluied, N
: ! ~ .
0 X | i X ?
. | i
2l f X 1 L X i M
) S X x| L ;
o . | nomozrar 1ndicated yes and no. o

8 X1 X D ¢ oancsg of y g nn SRIC "SI side
o | verificd as T:n, Six osses did4 .

! not verifly,

Findingat 1t This objective t ochnique is very rood for forccasting thuriers
storms in tho Dovur a:va durinz the puriod June through Septeme
bor. The initial vorification of 2% cases during the period
8 Junc to 9 Aurust vas {0 purecents Tho overall vorifioation
thronth & Oatobur 1961 was only 606 percente The reduced verie
fioniion 1s duu to the larger nmurber of "tusta® in Septembar,
Therefore, we belleve the study sioull bo confined to the
gurr ur montha of June throu:h Septurmbure

Finlinges 23 A yos ani no forogest did not verify., Therefore, when & yes
anl no anawer 15 indleatud, tho forucast shoull be no with the
followin~ cxceptions A yes on graph one with strong oyslonie
curvature at tho surface, forecasi ycs,

LS
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("”ro,ject:

Ob jective Forecast Study: To evaluate an objective thunderstorm
prediction technique based on a study prepared for iastern
Virginia and described in the February 1961 issue of the AMS
Bulletin.

Progress Report; Period 27 April through 31 August 1962,
1. The following is a sumnary of the verification over the
above period:
§r of Forecast | Observed ' Remarks
Cases
Yes | No | Yes | No
32 X X Thunderstorms within 20 miles of station
included
9 X X
n X
4 X X
3 X X X liomogram indicated yes and noe.
Findingé: Verification 86%. iven if we excluded the 71 cases of "No"

Forecast ~ "No" Observed (ascuming that we wouldn't have
forccast thunderstorms cven without the objective technique)
verification is 66 percent.



Ce OBJECTIVE METHODS: (Continued)

(“ b. SNOW FORECASTING ALONG THE EAST COAST

"Snow Forecasting Along the East Coast with Techniqup
for Predicting Snowfall at Dover Alr Force Base"
Authors 1/Lt Joseph A. Ships, Jr.

Date Completed: 28 November 1961



e

SNOW FORECASTING ALONG THE FAST COAST

Prepared By
Lt Joseph A, Ships, 28 Nov 61

I think the following quote from J. J, George aptly describes the problenm,
"Ranking next to fog, heavy snowfall (snowstorms) cause the greatest amount
of operational difficulties to aviation, both military and commercial,

the general public, they are without doubt the worst common manifestation
of the weather; to the forecaster, they seem to be the "ultimate expression®
of the weather elements, because of the complexity and mumber of factors in-
volved in their formation and prediction."

It has been found that mosyﬁajor snowstorms are closely associated with strong:
troughs of the main jet stream approaching the boundaries of sharply contrast-
ing air masses, and the resulting major surface cyclone. However, because of
the infrequency of mejor snowstorms at any one location in the U.8., local
forecasters have very little experience to call on for what mey be their most
important assignment. It is the purpose of this seminar to join together

the latest research results of cyclone intensification with those of precipi-
tation quantities and types for a general heavy snowstorm-forecasting guide
over the northeastern U.S. To accomplish thisy two forecast metliods and a
list of rules of thumb will be discusseds The first method is a general fore-
cast guide for snows of 10" or more and the second is a method developed for
Washington, D.C., that can be adapted for use here. The Washington method is
for snows of 5 inches or more.

The heavy snow forecast study was prepared by R. E. Bailey and is reproduced
in George's text, "Weather Forecasting for Aeronautics".

The forecasting data were chosen so that the heavy snow generally fell during
the second half of a 24~hour forecast periods With the causes of the haavy
snow determined in this period, forecasting parameters defining a heavy snow-
storm can be anticipated by an experienced forecaster an addition 12 hours
ahead, making a 24-36 hour forecast quite feasible. The southern geographical
limit of heaﬁ snowstorms coincides quite well with the annual ten inch anow-
fall line. ey are, however, extremely rare south of the 20 inch annmual line
shown and should be forecast south of this line only under the most favorable
conditions. '

The forecasting of cyclone deepening is closecly associated with trough move-
ments and vorticity advection at upper levels, cold air advection at lower
levels and the presence of sufficient moisture in close proximity to a deep
cold air mass.

Over a period of eight winters, November 1949 through April 1957, some 132 syn-
optic situations were imvestigated which gave moderate-to~heavy snow from low
centers, Hundreds of smaller cyclones, or low moisture situastions, were elimi-~
nated even if they produced 6 to 8 inches of snowe In like manner, all of the
Great Lakes' air mass smowstorms of late autumn and edrly winter were eliminated.
Some 56 major snowstorms were included; & sufficient number to establish a set
of minimum synoptic conditions to guide the forecaster and to ensble him to
avoid over-forecasting to a dangerous degres. These conditions, starting aloft,
were as follows,



ls 300 ubt At least a 70-knot observed isotach meximm blowing thr the
troughs Including at least a 10°C isothemm ribbon of not more than 300 l:l.‘i‘:a
width and the trough moving eastward with a speed of at lesst 20 knots,

2, 850 mbs Ccld air advection in the southwest quadrent of the surface low
and not more than 1000 miles awmy. ’

3. Surfacet All the major storms reach at least a 20 count. The term count
is used to define cyclone intensity. This is the sum of the gradient in mb,
measured 600 miles in each cardinal direction from the low center, divided by 4.

Now let us amplify these conditions at each level and find out what i{nformation

is needed. At the 500 mb level, the isotach max angisotherm ribbon were usually
located west or southwest of the surface low to be pendd, at an average dis-
tance of about 500 miles. Another important factor in medicting these severe
snowstorms is the concept of diffluent contours measured at 500 mb. Such diffluent
contours over the surface low are present in a good majority of the heavy snow-
storms.

Tllustration of Difflnent Contours at 500 mb level

In the above illustration, the downstream contour space count is about 3.5. The
upstream count is about 5.5. The ratlo-of the upstream count to the downstream

count is called the "diffluence ratio", and here amounts to about 1.6 When the ratio
reaches 1,5, the surface low begins to "slip out of gear" with the steering flow |
aloft, slows down, curves to the deft into colder air, and causes heavy snow. !
When the ratio reaches 2,0, these effects become pronounced and often lead to
capturing of the surface low, :

A special feature to notice is the occasional appearance of a concentrated isotach .
max far up the west side of a 500 mb troughs It usually shows 100-knot winds

and a 300 mile wide isotherm ribbon of 159C or more, bordering temps, well below
=30°C in the trough. These features are the reflection of an intense isotach

max, possibly as large at 200knots in the overlying jet-stream core, which will
race through the trough within 24 howrs and often creates a major storm in 30

to 36 hoursl

L-11



Moving down to the 850 nb level, it was found that the necessary cold
advection for all m jor cyclones can best be measured here, The cold
advection center is determined from open contours going through the trough.

¢

Location of an A%0=mb or 700-mb
Cold Advection Center, marked "A,,"

fhis center, Ac in the illustration, should always be in the southwest quad-
rant of the surface low, and not more than 1000 miles away. The wind through
Ac must be at least 20 knots and the isotherm field A-C at least 10°C. The
product of the 2 parameters obtained should not drop below 250. In the case
of a cold advection center at the extreme range of 800-1000 miles, a product
of at least 400 to 450 is needed. )

Lastly, we come to the surface conditions. In nearly all potential heavy snow
situations, a low is already present under southwest flow aloft. For heavy :
snow, a low of initial count less than 20 mb should intensify by at least 10 mb
in the succeeding 24 hours to a minimm count of 20, unless the center is initi-
ally 17-19 count and deepens to a 20- plus storm. All snow producing storms
deepening to a 30 count are heavy and of the bliszard type. A minimm surface
dewpoint of LOOF must be observed within 300 miles of the low in the warm sectér
at forecast time. If a low is already captured, that is, within 250 miles of

a 500 mb cold low center, the heavy snow stage is usually over. However, if

the system remains stationary, a light to moderate rate of snow may accumulate
large amounts over a 24 to 48 hour periods It should be stressed that if a
deepening low 1s expected to go into the capturing process, it will usually
produce a heavy snowstorm while being captured.

The heavy snow area is usually located in the northwest %;.:drant of the low,
with its western boundary near the 700 mb trough line. s rule applies to
all lows starting under diffluent contours at 500 mb, but for storms moving
under straight contours aloft, the snow will fall in a 100-200 mile strip to
the left of the predicted track, taking place in thenorth quadrant of the
lowe. '
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The following ayclone deepening graph cosbines the important vorticity advection
and oold advection factors in one simple diagram that requires only a few
minutes for the computation of cyclone intensity 24 hours in advance. The graph
clearly defines the great storms that deepen beyond a 25 count, along with the

-
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A 2l hr Cyclone-Intensity Prediction Graph
o;st coast cyclongenesis of explosive proportions which reach a 20 count within
18 hourses

The attached worksheet should be used to list the minimum conditions at ‘each
1"@10
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WORK SHEET 30
HEAVY SNOWSTORMS

‘The method of forecasting heavy snowstorms is by & process of cowbining o
factors vhich meet a series of experimentally determined minimums, as um
in the body of the text. .

1, Minimm Requirements at 500 mb

b,

de

f.

Trough located 300 to 700 miles west of surface low center.....

Stop here if trough is filling, or maximum winds east of trough
are generally twice as strong as those west of trough.

Isotach maximum of 70 knots or more with a 10°C isotherm ribbon
(300 miles wide) in trough W or SW of surface low. Divide maxe«
{mum wind by 10 and square this fim.oooooooooooooooooooooooo

Trough movement 20 knots or more during past 12 hr, or forecast
acceleration rate if indicated. Add to answer from step “C* and
enter chlone Deepening Gnm (Fig- 1506) with sulleieessecccces

Diffluence ration of €ontours over surface low center of at least
1.5 tO 1lis fr‘quent but not NECOBBAIYsscocesssesrssncsccerssce

Special Case: 100-knot isotach maximum with 15°C isotherm ribbon
on west side of trough should be used for trough measurements as
it catches up to main trough.

2, Minimum fequirements at 850 mb and 700 mb

b.

d.

Location of probable snow area by location of 850-mb 09C isotherm,
usually associated with blocking surface high in immediate future
path of cyclone precipitation pattern.

Cold advection center, Ag, showing at least 20-knot flow of at
least 10°C over 600-mile range. Product minimum 250. Ag located
within 1000 miles (usually less than 800 miles) of surface low
in SW quadrant. Enter product on Cyclone Deepening Graphe..e.

Cold advection factor at 700 mb over Rocky Mountains if 850 mb
does not apply, using same measurements as step "b"eiesecsaces

Locate maximum dewpoint at 850 mb within 300 miles of surface
10" center. Should be at least -lo.ocon.............n.....u.

3. Minimum Surface Requirements

Use Cyclone Deepening Graph for forecast cyclone intensity

within 24 hr.

(1) Initial low count. Should be less than 20 mb, using 600-mile
mdi“a for LaFlacian measur.mznt..................-..u.




b.

(2) Twenty-four-hr forecast of cyclone intensity from graph
should show at least 10-nb deepening from pervious step,
except lows .lr“w 17=19=mb countesessccsocorecasessces

(3) Final count in 24 hr should be 20 nb or more..

(4) Add 5-mb deepening to Step (2) for lows starting along
Bast Coast over oc“nocooocoooooooooco-oooooooccoﬁoooo;c

(5) Forecast tmack. Should be north of 60°, Exception: A
25 or more count forecast under parallel 60-70°, 500-mb
contours with surface and 850-mb dewpoint minimums 45°F
and 5°C, respectively, within 300 miles of low center...

(6) A1l lows under diffluent contours at 5C0 mb will tract
3600 to 50°.

(7) All forecast 30-mb-count cyclones with minimum moisture
: requirements at 850 mb and surface.

Locate dewpoint maximum within 300 miles of low center. Should
be ﬂt 10‘“ hm.'.....l....Q.l’......l.........l:.....0....

Surface low should not be captured (within 250 miles of 500-mb
low), unless forecast to remain nearly stationary, thereby
causing long duration of a dight-to-moderate snow rate in one
location. ’
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The second method combines semi-objective methods of prediction for major snow-
storms in Washington, D. C. with a deep sample of experience of such storms as
represented by some 59 occasions when heavy snow occurred. In this study, a
me. jor storm is defined as one which produces an accumulation of 5 inches or
more of snow, . :

Although each situation has features not common to the others, a general
synoptic pattern does evolve and the ocutstanding features of this general
synoptic picture are as follows:

SURFACE MAPS:

The general developmentof "Snowstorms® along the northeast coast are the result
of the following sequences, listed in the order of their frequency:

l. Cyclogenesis along the east coast with the storm center deepeding and moving
northeast off-shore between Hatteras, N.C. and Nantucket, Mass,

2, Cyocloncs in the Gulf States or in the Gulf of Mexico which despen and move
northeast and track along the coast line from Hatteras, N.C. and Nantucket, Mass.

3e Cyclones moving eastward through the Ohio Valley and crossing the coastline
between Hatteras, N.C. and New York City. .

The surface pressure patterns which favor snow over rain in the northeast coastal
area, display a strong anticyclone over or just north of the Great Lekes area and
low pressure over the Nova Scotia area.

850 MILLIBARS:

In order to prevent the air at this level over the northeast from being warmed
above the freezing point, the zero degree isotherm should be well south of the
stations along the coastline. This is particularly true when southerly flow is
established over the stations for some time before the start of precipitation.
If the zero degree isotherm is close to the stations involved, snow will not
occur unless it oocurs simultaneously with the passage of the ridge line to the
east of the station. In many of these cases, the ridge line is situated across
Pennsylvania 12 hours before the onset of snow, with the northern boundary of
the snow area merked by the 850 mb ridge line. The strongest warming in the area
under study, occurs when the zero isotherm is oriented NW-SE across the Ohio
Valley with west-couthwest winds across it indicating warm advection.

In order to accurately predict snowstorms for a given locele, the following
meteorological items must be determined:

1. V411 the precipitation occur in the form of snow?
2., The intensity of the snowfall,
3. The onset and cessation of snowfalle

This study deals principally with items one and two, although a solution is
presented to determine the duration of moderate and heavy snow,
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The type of precipitation is determined through graphic multiple oorngmn
based on objective parameters. The solutions are for period of 24 and 12 Wours
from data time to the onset of precipitation, The parameters ate taksn ftom the
surface and 850 mb charts nearest to 24 and 12 hours before the start of the

precipitation,

The temperature of the lowsr atmosphere determines ths Yype of precipitation
reaching the growd. Essentially, a correct forecast of the temp at the sur-
face and at the 850 mb level, will predict moi‘z typeee The me used here
is an indirect temp forecast for these levels with the final solution expressed
in terms of precip types. George, in 1947, developed a pattern method to
determine the type of precipitation likely to oocur at New York City, associated
with Atlantic secondary storms. This msthod is satisfactory when the pat;
are well defined, but presents difficulties in more obscure situations. ]
objection to the pattern method can be overcoms by numerically indexing the
patterns with objective measurements of surface pressure. The usual surface
pressure pattern associated with snow in the nortmst coastal area of the U.S.
displays high pressure to the north of the Great o8 with low pressure over
the Nova Scotis and New Foundland areas, This arfangememt of pressure systems
des general northerly flow through eastern Canada and the sastemOUreat

es ‘area with westerly or northwesterly flow through New Englands As a
measure cf this circulation pattern, the surface pressure difference between
Green Bay, Wisconsin and Portland, Maine, (Pgrb- , 18 used to evaluate
the flow through eastern Canada and the eastern G Lakes area. The flow
index so cbtained is plotted against the sum of the surface temp and dewpoint
in the first stage of multiple correlation. The sum of ths temp and dewpoint
is used as a quick approximation proportional to the wet bulb temp.

The second phase of the miltiple correlation involves the 850 mb level. The
major factor at 850 is warming. Therefore, it becomes necessary to measure
the gonal advection at 850 over a large area. Advection of warmer air into
the northeast coastal area for the layer between the surface and 850 is
associated with the breakdown of high pressure and the increase in low level
thickness through eastern Canada and the eastern Great Lakes area. However,
strong warming at 850 just prior to precipitation is quite rare. maximum
warming 7gur the 24 hour period preceding precip at Washington is 7°C. Teups
below ~7°C indicate snow if precip is to occur within 24 hours. If the
air mass is extremely cold, the current 850 temp is a very good forecast
ter, however, in the range from near gzero to =4°, it becoms quite obscure.

e advection at 850 plotted against the present temp, is the seoond stage of

the multiple correlation.

The method of determining the advection is based on & series of measurements

of the flow and temp fields at 850, The net sonal component of the flow through
a large portion of eastern Canada and the eastern U.S. is obtained by measuring
the difference in height, in tens of feet, bebween Gresnsboro, NeC. and Noosanes,
Ontbe, (G30gqs~ MOaypse) » Positive values will indicte a net west wind with
negative values indicating a net east winde The east-west temp gradient at
approximtely the mid-point of the line used to determine the gonal flow index
is measured by determi the temp difference between Albany, N.X. and Flint,
Mich., (ALBrgse= FNTrpy,) e The product of the sonal flow index and the east-
west temp index is u..T to obtain units of gonal advection, (GSO o NQ";.)"
(m‘b"“ - FNT‘"“) o Positive values indicate cold advections
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' . The net meridional flow across the Great Lakes to the northeast coast i sured
( 3 the diff3ronce in height between Green Bay, Wis. and Portland, Me, (G 2880
"PWMagse) . Poeitive values will indicate a north wind and negative a south
wind. e north-ocouth temp gradient across this line at approximtely the mid-
point is determined by measuring the difference in’ temp between Pittsburgh and
Manivake, Quebec, ( P! Treg, ~ M%Mm-.). The product of the dional ﬂow :
index and the north-south temp index, (GR ku,‘PWMug'.)wm”'- W":XK

is used to obtain units of meridional advection. Positive values.indicate
advection and negative warm advection, ‘

The total advection is the sum of the zomml and meridional advection with
positive ues indicating net cold on negative indic net warm
advection. (G30z856~ MOzess X(A Len%mﬁ( 6 ﬁiux’-‘ PW "ﬁn&” Tress~ "“4»)

The final solution is obtained in stage 3, in which the value of the stage 1, or
swrface data, is plotted against the value of stage 2 or the 850 mb. data. The
perameters are obtained in identical fashion for both 24 and 12 hours. Following
are the charts for 12 and 24 hours, with a map and worksheets
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The Stage One Graph is based on surface data. The flow index
is obtained by subtracting the pressure at Portland, Maine
from the pressure at Greenbay, Wisconsin, (PGRB L PPWM)

The Stage Two Graph is based on 850mb data. The advection

factor is obtained through the following'computafion;
(GS0,~M0,) (ALD.=FNT,) # (GRB,~PWM,) (PITT-M\YT‘)

The 2 velucs are expressed in tens of feet.

The T values are expressed in degrees centigrade.

The final sum is expressed in hundreds of units.

In The Third Graph the plotted letters have the following
significances

R - Rain E - Sleet RS - Rein & Snow

S - Snovw LR - Freezing Rain LR - Sleet & Snow
The errows connecting two letters indicate a change from one
form of hydrometeor to the type indicated by the point of the
arrow. Points falling in the lower right zone of the graph
indicate snow as the proper forecast, whereas péints falling
in the upper left zone indicate rain as the proper forecast.
The centrel portion of the graph bounded by the two heavy
curves represents the transition zone from rain to snow.
Since this constitutes an area of uncertainty, the proper
forecast in this zone should be a combination of rain and

SNOWw.
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WORK SHEZT FOR 3NOWSTORMS AT NOViR, MiL.

This work sheet shonld he wscd after the stavting time of precipitation has
been predicted. The computations are rade from the surface and g;o mb charts
nearest to 2h and 12 hours before the atort of precipitalion at Dover, Del,

THE VALUES CAN Biy gITslsd TN uITWbR TIE 24 OR 12 HOUR CHARTS, DEF ADENT ON
THE TIME INTSRVAL DETWs] T.i CUILWNT CIAJT3 AYD TUE FORECAST TIe OF FRie
CIPITATION.

1., Subtract the curface prcusure at Fortland, lc. from the sur-
face pressure at Greenbay, “is, (PnQQ-P},,)

2. YNote the sum of the curface temp, and dewpoint at Dover, Del,

3. ZEnter the valvea from rteps (1) and (2) in stage one of the
forecasting ~raphs and record the value indicated hy the
weisht lines.

L. Note the temp, at Dovr, Del., on the O70 mh chari,

5. At 990 mh subtract the heirht at foomsonee, Ont, from the
height at freensboro, 1,0, and record in ten's of feet,

6. At 850 mh ~ahtract the tump. at Flint, liche from the temp,
3t, Albany, .Y, (AL??TMO-FEFI‘TF}‘O) . —_

To. Miltiply the values ohtainet in ctans (7) and (A).

8. At 850 mb subLtract the hei-nt at Tortlznd, e, from the
heisht at Creenbay, 17is, and racord in ten's of fowt,

G.{L /(goul‘ ul Rtyo

9. At 850 mb subtract the temp. ot Manawval'i, fuce from the temp.
at kittsturgh, Fa, (83 Troro—bLAMTBHO)

A —ats o 10 oo

10, Multiply the values obisincd in steps (3) and (9).

11, Add the values obtained in steps (7) and (10).
(Enterec in 100's of wnits)

12, Inter the volues from steps (L) an? (11) in the sta<e two
rraphs and rccord the value indicated hy the weight lines.

13, Enter the values from steps (3) and (1?) in the final graph
for the forecest of precipitation iypc.

1. To determine lhe ceilins and visihility forecast, enter the

prornostic poritions of the suvtece eyalone on the snow zone
chexrt.
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Given a situation in which snow will ocour, the next step is to predict the
intensity of the snowfall, The spproach used to determing this feature wis
based on the duration of low ceilings and vieibilities, values of
ceilings and visibilities were assigned to heavy moderate and light mow in
the following fashions

1. Heavy mmow — ceilings less than 200 feet or visibility less than 1/2 mile.

2, Moderate snow - cell! ozwfutthmu@Mfutﬂuibm mdle
to, but not including 1 (' ‘ v 12 upl

3, Light snow - cellings 500 feet or higher; visibility 1 mile or better.
The synoptic situations which produce heavy or moderate snow for periods of more
than a few hours duration are associated with the passage of a surface cyclone
to the south and east of the station involved. The most favorable situation
for heavy snow is associated with desp or deepening aqyclones. The history of
the storm situation falls into the 3 categories mentioned esrlier. They were;
the Culf States low moving northeast along the Atlantic Comst, a cyclone forming
along the coast and moving northeast and a low from the Ohio Valley moving east
into the Atlantic crossing the coast north of Hatterase

For all such cyclones producing snow at Washington, the ceiling and visibilities
were plotted at the position of the low cemter at six hour intervale as the

low moved northward. Prom these plots was obtained the following chart, which
shows that a zone exists in which the ceilings and visibilities indicats hesvy
snow as defined earlier and a larger area which indicates moderate smows This
chart ehould be used in conjunction with the prognostic positions of the surface

" gyclones The ceilings and visibilities should be forecast in accordance with

the positions of the cyclone, relative to the moderate and heavy snow sones,

The duration of low cedlings can be predicted from the time of emtry to the time
of exit from the low ceiling sones The prediction of moderate snow sonsy is based
on the predicted time that the surface cyclone will enter and leave the noderate
snow zones The same holds for heavy snow. A suggested value for ceiling and
visibility when the low is in the moderste zone, is 300' and 3/4 mile, In the
heavy zone, 100' and 1/4 mile, is a suggested value for celling and visibility.

Rules of Thunb for snow

£30 mb Temp

-20C or less at the start of the precip
~T°C or less 2L hours before precip is to ocour

700 mb Temp
" 7°C or less at the start of the precip

General Temp

A k.
Temp sbove 900 nb below freszing;
Wet-bulb temp below 900 mb, below freezing.
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5 Low centors forecast tol treck
south of the dashgd 1ink under
«tralrht contours aloft) will
produce no enow or vorg0iight
anow at Dovers (Cheek ngtes of
laze Le12 and 4=16) )
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L€ 100 thicioens

17900 or greater 10-90 Snow

17800 24-76 "

17700 L1~59 ¥

174,00-17600 50-50 *

17300 " 86=1l ¥

17200 or less 95-05 "
Gooling

Another important factor is atmospheric otoling by melting snow in lowering

the freesing level to the gmug;; Determine the average O PAT sbove freesing

on the Skew-T Log~P Diagram, n to determine the amount of liquid preed

needed to lower the freezing level to the surface, use ths following equations
APOT :

X="550

Amount of Snow

1. Determine the differsnce of mixing ratio in gm/kg between the base and
top of the moist layers 0,02 in/hr of liquid precip will occur for each
gn/kg of moisture mrecipitated by cooling. Determine the product.

2. Multiply this valus by the mmber of hrs that precip is forecasted.
This gives you the total liquid precip.

3. Multiply this result by 10 to obtain the snow depthe

References:

mTWeather Forecasting for Aeronauties" by J. J. George

"An Analogue Yethod for Forecastine Heavy Snows st Washington, New York
and Boston" by A.H, Stakely and .M. Whiting
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A case study of & "back-door® cold front followed by an extended perdod of
low cellings and visibilities, ' by ,

1. Synoptio Situationt At 1200Z on 29 April 1962 a wesk stationsry frout
was oriented Bast-West from the centrel New nd states theste seubhivest-
ward as a warm front through Illinois, Missouri and into a iow ji . ares
in Kaneas. An occluded front extended northwerd from this low m éigtm
The 500-MB chert was characterised by southwesterly flow over mst of ths ¥.8.
with a major trough over the Rockies. The major ridge was located mﬁt‘!
the east coast of the U.S. . ~

By 12002 30 April 1962, the occluded front had Emgrmed to cenbral
Wisoonsin and Iowa, while the stationary front over New England hud move
southward as a cold front to a line along eastern Pesunsylvauia atid sewthern
New Jersey. This was duc to the building of the upper ridge over sastests
U.8, with a corresponding increase in the intensity of the surface ridge over
the Newfoundland area. This so-called "back-door® cold front contimmd to
move southward along the eastern seaboard in response to the persistent north-
erly flow aloft at the 500-MB level.

By 12002 2 May 1962, the cold front was oriented along a line from Norfolk
to Gordonsville to Martinsburg. It remained quasi-stationary in this approx~
imate position until near 0600Z on 3 May 1962, at which tims the occluded front
from the west moved through the area and off the coast,

Figures 1 through 9 show the composite surface and 500-MB patterns during
this period.. Surface cbservations for a number of stations along the
area are depioted in Figures 10 and 11, The passage of the cold froitt is
readily apparent at all stations. Figure 12 illustrates the daily sovemsnt
of the cold front through the period 06002 on 1 May 1962.

2, BSurface Weather Patternt An extended period of low ceilings and poor
visibilities prevailed at all stations following the passage of the cold
front. Cellings varied from gero to 800 fest with vieibilities 1/8 to &
miles. At Dover, ceilings below 800 feet prevailed for soms 85 hours.

3, Conclusions: This pattern is a typical one for the eastern sesboard and
Dover Air Force Base. The basic pattern may evolve in two « Uheis
described here. The other evolves from a normal cold front which passes the -
Dover erea and after becoming quasi-stationary over the central - Goasd
states, returns as a warm front and becomes inmbedded in the Appalachian
Mountains with a north-south arientation. A oold dome of air persists mm
the Piedmont plains and coastal area thus blocking the warm fromt and causi
it to remain stationary in the mountains. . .

In either case, the results arc the same: extensive low ceilings and poor
vieibilities prevail at most stations located within the oold air mase. TI
forecaster mist guard against prematurely predicting the passage of the watm
front. He must be guided by the existing and predicted 500-M3 flow pattern,

The presistence of tho ridgs aloft over the eastemn sesboard, as clarastarised
by northerly winds over or just off the east coast, is the 1?1. indisatop which
alerts the forecaster to the fact that the surface high will remsin quast- -
stationary and dominate the cosstal area. (Note that in Figure §, the sytfane

y
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ridge has also blocked the occluded front resulting in a bent-back occlusion,)

. An occluded front from the west will eventually push its way to the coast

resulting in clearing conditions at Dover. 1In all cases, this occluded front
is a Pacific front (warm front type occlusion) and results in warmer temperatures.
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Figure 5
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B BAPIRICAL RULES:

Rule 1.

Rule 2,

Rule 3.

R\Ilo be

Rule 50
Rule 60
Rule 7.

m‘ 8.&

Rule 90

Rule 10.

Rule 11,

Do not forecast a minimum tmuturi below L°F 1f thers
is no snow cover on the ground.

Mintmm Teap = Max Teup + Dew Polnt (st time of Max Tep)= 12

If temperature at 700 sb is -89°C or colder forecast m;‘u_ less
than ~7°C, forecast rain; if -79C, rain and snow mixed. .

(Use as first approximetion only - Temps must be forecast)

If 1000-500 mb thickness is 17,600 fest or less, forecast snow;
above 17600 feet, forecast rain. ‘

If strong gusty surface winds (25K+) are expected in advence of

a deepening low along the coast, forecast rain. If snow does

begin, forecast one inch or less with snow changing to rain,

Exc ns If surface winds are N-NE, forecast snow., Amount
epend on speed of movement of storm center,

Do not forecaat post~frontal snow showers unless 700-mb
i{s west of Dover. (Very reliable) S

f.i@lt SE Flow and clear skies -~ very favorable for fog in Fall
and Winter. (First approximatior)

(a) SE winds with Dew point temperature below (ocean) water
temperature: Fog unlikely (a1l seasons)

(b) SE winds with Dew point temperature above water temperetures
Pog likely (all seasons)

With clear skies, high dew point temperatures and 1ight south-
westerly mfacc’winds forecast ground fog at about sunrise.
(Visibilities below 1/2 mile possible, but will last for less

than 1 hwro)

Below GCA conditions prevail (less than 200 feet and/or 1/2 mile
visibility) and winds are calm or light from south or easterly
directions Forecast above GCA conditions 1 - 2 hours after wind
shifts to southwest or westerly direction. (Very relisble for

short range period.)

t
Fall, Winter and Springs If scattered clouds form below 2000 fes
nur’nmriu, forecast a ceiling by 090CL. (Ceiling will remain

_broken and persist till noon.)

Rule 12.

Behind slow moving "back door” cold front, forecast rodncod visi-
bilities in Hame, .

L=l5
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EBmpirical Rules (Continued)

Rule 13 .

Rule lllv .

Rule 150

If clowd cover and light precipitation prevail during daylight
hours (or if considerable precipitation has fallen during the
past 2/, hours) in advance of a slow moving cold front which is
expected‘passgg Dover near sunset, resulting in clearing, then

forecast Heavy ground fog for a period of 1-3 hours after
clearing occurs. )

With a weak surface low over Virginia at 1500 EST and south=
wosterly flow aloft, forecast thunderstorms over Delaware in
the late evening. (Summer season)

Thunderstorms which form over the Delmarva peninsula, build

rapidly and are generally stronger when passing over Dover
than thunderstorms which form west of the Chesapeaie Bay.

L=L6

e

¢ G b a2




